Background: Prior to reperfusion, a variable period of ischaemia occurs in transplanted donor organs. There is
Integrative Gastroenterology and Hepatology

Enhanced Role for Apoptosis in a Hepatic
Ischaemia-Reperfusion Injury Model 
Introduction
IRI is a relatively common pathological process that follows a range of conditions of the liver including trauma, resection, transplantation, infections and shock states ISSN: 2637-6954 [1] . IRI occurs when organ ischaemia results in tissue Adenosine Triphosphate (ATP) depletion which leads to the activation of anaerobic metabolic pathways [2] . These do not maintain cellular function for prolonged periods, and that ultimately leads to cell death. Restoration of blood flow is necessary to recover cellular function. Paradoxically however, reperfusion can initiate cascades that cause further cellular damage [3] . Necrosis is the major mode of cell death in IRI, but its occurrence in many other situations such as liver transplantation, haemorrhagic trauma, tumour resection, and many others suggests that other mechanisms of cell death are involved. Recent studies have concluded that apoptosis is another mechanism of cell death in warm and cold hepatic IRI [4] . Dramatic progress has been made over the last two decades in elucidating the intracellular signaling mechanisms of apoptosis [5] . In most cells, a pro-apoptotic mediator binds to its receptor which causes receptor oligomerization and the association of various adapters [4] . However, in hepatocytes, the receptor signal needs to be amplified through the mitochondria [6] which activates Caspases and initiates apoptotic nuclear changes [7] . The apoptosis pathway is activated by the Caspases which are synthesized as inactive precursors and activated by specific cleavage at defined aspartate residues [8] .
Herein, we explored the expression of Caspase-3 antibody in IRI to assess the role of apoptosis in IRI. We also used the monoclonal M30 antibody that recognizes a Caspase-generated Cytokeratin-18 neoantigen, and studied its correlation with Caspase-3 in a timedependent manner.
Method Porcine livers
Three white Landrace Cross pigs weighing 45kg, 50kg and 60kg were humanely sacrificed in accordance with Home Office regulations and autologous blood was collected into a container with 5,000 units of heparin. The livers were retrieved according to the technique previously described [9] [10] [11] , and 2L of cold Soltran solution (Baxter Healthcare, Thetford, UK) at room temperature were perfused, 1L into the Portal Vein (PV) and 1L into the Hepatic Artery (HA). After the cold perfusion, the livers were transported on ice to the laboratory.
The liver model
Using autologous blood, the liver perfusion was maintained via the extracorporeal circuit similar to that used for cardiopulmonary extracorporeal bypass surgery (Medtronic Inc., Minneapolis, Minnesota, USA) [12] . It consists of an automatic centrifugal pump which provided the hepatic arterial flow and pressure, an oxygenator, a heat exchanger unit and a blood reservoir to simulate the venous flow and pressure.
Circuit preparation
Autologous heparinized blood was used to prime the circuit during the backbench preparation. Cannulation of the Portal Vein (PV), Hepatic Artery (HA), bile duct, supraand infra-hepatic Inferior Vena Cava (IVC) was carried out during the priming. Before connecting the liver to the circuit, 1liter of 0.9 % normal saline solution (Baxter Healthcare, Thetford, UK) was perfused through the PV and HA to flush out the Soltran solution and remove air from the organ and the cannulae.
Perfusion
The venous blood was collected from the supra and infra-hepatic IVC and returned to the centrifugal pump. Parenteral nutrition, vasodilating prostacyclins, sodium bicarbonate, sodium taurocholate a single dose of Augment in (1.2g) and insulin were added to the circulation to optimize the physiological condition of the system with dosages and rates of infusions similar to previous protocols [13] . Perfusion was carried out for 6h and haemodynamic parameters (HA and PV pressures and flows) were recorded hourly.
Specimens
Histological examination: Three biopsies were chosen for each time point (total 21); Before Dissection (BD) of the livers, After Dissection (AD), After Connection (AC) to the circuit, at one hour perfused (1hr P) & nonperfused (1hr NP), at 4 hours perfused (4hr P) and non-perfused (4hr NP) & analyzed with standard Haematoxylin-Eosin staining. Histological assessment of the extent of liver injury was performed using the Suzuki classification [14] which grades injury from 0-4 as illustrated in table 1. Immunohistochemical staining was performed on the biopsies with Caspase-3 and M30 monoclonal antibodies.
Antigen retrieval:
In order to retrieve the antigens, the specimens were cut onto Vectabond slides, left to dry at 37°C overnight and heated for 10 minutes at 65°C. They were then deparaffinised using xylene, rehydrated using graded alcohols (99% then 95% Industrial Methylated Spirits "IMS") and then rinsed with tap water for five minutes. The slides were placed on a slide rack in a plastic dish, which was then topped up with 10mM
Sodium Citrate (pH 6.0). The dish was micro waved at 80% power for 20 minutes and left to cool in the buffer at room temperature. Immunohistochemistry assays: Immunohistochemistry for apoptosis was performed using Cleaved Caspase-3 "Asp 175", (New England Biolabs) as the primary antibodies: and M30 (CytoDeath. Bioaxxess) utilizing NovoLink Polymer Detection System (Leica Microsystems. RE7140-CE). The slides were washed with a buffering Blocking Solution -(TBS/3%BSA/0.1% Triton-X-100) which acted as the primary antibody diluents. The endogenous peroxidase was neutralized by using Peroxidase Block for 5 minutes. The slides were washed in alternate cycles using TBS for 2 × 5 minutes. After each washing cycle, the following was done in this order: the slides were incubated with Protein Block for 5 minutes, incubated with optimally diluted primary antibody, second incubation with Post Primary Block for 30 minutes, third incubation with NovoLink Polymer for 30 minutes and finally developed peroxidase activity with DAB working solution for 5 minutes. The slides were then washed in tap water for another 5 minutes and counterstained using Mayer's Haematoxylin for 30 seconds. A final wash with tap water for 5 minutes before dehydration with air and mounted in DPX. The identification of apoptotic cells was confirmed when there was evidence of Caspase-3 and M30 positivity.
Quantitative apoptotic index:
The apoptotic index was expressed as the ratio of the number of hepatic cells with Caspase-3 and M30 positivity out of the total number of nucleated cells in each field (magnification, ×40) calculated after counting 5 random microscopic fields for each time point with a 19 mm Whipple grid graticulelens (Pyser-SGI LTD). In each field, 100 squares were evaluated for the presence of apoptotic cells. Activated Caspase-3 hepatocytes positive for DNA fragmentation ( Figure  1 ) and for cytoplasmic activity for M30 ( Figure 2) were counted on the whole sections. The mean counts were expressed as a percentage of the total number of nonapoptotic cells counted in each field.
Results
Microscopic examination
Caspase-3 expression: Caspase-3 maintained the same expression BD & AD, dipped AC then gradually increased after perfusion in the Perfused and nonperfused areas (Figure 2 ).
M30 expression:
There was not much evidence of M30 BD. It slightly increased AD, dipped AC, but peaked at 1hr P. Its expression was less in the 1hr NP and at 4hr P and 4hr NP (Figure 3 ). 
Statistical analysis
Median values of the different groups were compared by ANOVA and linear correlation tests (Table 2) .
Caspase-3 expression:
There was a gradual increase in Caspase-3 expression in all samples. The difference was non-significant at 1hr P (p = 0.06) and a highly significant at 1hr NP (p = 0.001), then it peaked at 4hr P (p = 0.001) and 4hr NP (p = 0.03) (Figure 4 ). 
M30 expression:
A similar pattern to Caspase-3 expression was noted with M30 which peaked at 1hr P (p = 0.001) and maintained a non-significant expression at 4hr P (p = 0.07) and 4hr NP (p = 0.1). The overall difference among the groups along the time scale was significant (p = 0.01) (Figure 4 ).
Discussion
Its dual blood supply makes the liver uniquely suitable for IRI modeling. The complex conundrum of IRI in the liver appears to involve cellular mediators, reactive oxygen species, the compliment system, cytokines and other secreted factors. It has been postulated that much of the damage in IRI was due to necrosis [5] . However there is growing evidence that apoptosis also contributes to the damage since blocking necrosis does not completely stop the damage from IRI [5] . None of the proxy methods currently used to infer apoptosis or its extent is considered to be valid. For example, serum parameters such as ALT, AST and LDH do not reflect the scale of IRI tissue injury as they have to be monitored before and after perfusion [15] . Although HE staining demonstrates Councilman Bodies which are Caspase-3 BD Ad AC 1hr P 1hr NP 4hr P 4hr NP the end result of apoptosis, it does not reflect the number of events in this mode of cell death [16] . The terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) assay is no different from the first two methods. It is not reliable as it has been shown to be non-specific. It requires highly standardized procedures and it does not differentiate between apoptotic and necrotic cells [16, 17] .
The exploration of different modes of cell death can help open new venues for therapeutic targeting of IRI. Jaeschke et al. [5] propose the theory of necroapoptosis in which common pathways lead to both necrosis and apoptosis. This is due to the mitochondrial permeability transition, whereby ATP depletion leads to cell membrane failure and necrosis while partial ATP preservation allows the mitochondria to release Caspases which lead to apoptosis. Therefore in this theory, necrosis and apoptosis could be thought of as leading to the ends of a spectrum depending on the ATP depletion. Accordingly if the start of this common pathway could be found then both necrosis and apoptosis could be reduced during liver IRI.
In this study, we have demonstrated the correlation between Caspase-3 and M30 antibodies in IRI-associated apoptosis, showing a statistically significant gradual increase in Caspase-3 expression, However M30 showed a statistical significant increase after the first hour. Those results show that apoptosis as well as necrosis had a significant role to play in liver IRI. Therefore to stop the injury from IRI then one would need to stop both the pathways of necrosis and apoptosis.
Limitations of the study
Ex-vivo models like this one are limited by a 6-hour run time in contrast to in-vivo models such as that of Sun, et al. [18] and Tsung et al. [19] who could extend their experiment to measure late effects for up to 24hrs after reperfusion [18] . Secondly, the accuracy of the apoptotic index depends on the identification of apoptotic cells which can be magnification dependent, as Shining et al. [20] point out. To reduce such counting errors we used the recommended high-power (×40) lens. Finally, because the duration of morphologically detectable stage of apoptosis may vary, apoptotic index does not always correlate well with an actual "death index" [21] .
Conclusion
In this model, apoptosis as measured by Caspase-3 and M30 expressions plays a significant role in liver IRI.
However, further research is needed to validate this both ex-vivo and in-vivo to confirm our findings and thus pave the way for work to find a suitable apoptosisbased therapeutic target. This could have wide ranging implications and application in liver trauma, sepsis, resection and transplantation.
